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1.
$i\partial_{t}u=-\triangle u+|x|^{2}u-|u|^{p-1}u$ , $(t, x)\in \mathbb{R}^{1+n}$ (NLS)
(standing wave) $e^{i\omega t}\phi\omega(x)$
. (NLS) $u=u(t, x)$ , $n\in \mathrm{N},$ $1<p<\infty$ , $n\geq 3$
, $H^{1}(\mathbb{R}^{n})$ $p<1+4/(n-2)$
. $e^{i\omega t}\phi\omega(x)$ , $\omega\in \mathbb{R}$ , $e^{i\omega t}\phi_{\omega}(x)$ (NLS)
, $\phi_{\omega}(x)$
$-\triangle\phi+\omega\emptyset+|_{X|^{21}}\emptyset-|\phi|^{p-}\emptyset=0$ , $x\in \mathbb{R}^{n}$ $(\mathrm{S}\mathrm{P})$
, , $\phi_{\omega}(x)$ , $\omega$ 1 , $(\mathrm{S}\mathrm{P})$
, $S_{\omega}$ ( ) .
. ,
(NLS) ,
20 ([1, 3, 22]
). , ,
– , Grillakis, Shatah and
Strauss $[7, 8]$ . ,
/+“ , $n=p=3$
(NLS) ( [21] ).
$[19, 23]$ . ,
$[6, 16]$ .
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, Grillakis, Shatah and Strauss $[7, 8]$ –
, ,
. , – .
2.
,
$\Sigma:=\{v\in L2(\mathbb{R}n, \mathbb{C}) : ||v||_{\Sigma}<\infty\}$, $||v||^{2}\Sigma=(v, v)_{\Sigma}$ ,
$(v, w)_{\Sigma}:={\rm Re} \int_{\mathbb{R}^{n}}\{\nabla v(x)\cdot\overline{\nabla w(X)}+|x|^{2}v(X)\overline{w(X)}\}d_{X}$
, $\Sigma$ (NLS) . $H^{1}(\mathbb{R}^{n})$
$p<1+4/(n-2)$
$E(v):= \frac{1}{2}||\nabla v||_{L}2+2\frac{1}{2}||Xv||_{L}22-\frac{1}{p+1}||v||^{p1}Lp+1+$
$\Sigma$ , (NLS) .
(NLS) $\Sigma$ )
, .
1(Cazenave [2] 9.2 , Oh [17]) For any $u_{0}\in\Sigma$ , there exist $\tau=T(||u_{0}||\Sigma)>$
$0$ and a unique solution $u(t)\in C([0, T),$ $\Sigma)$ of (NLS) with $u(\mathrm{O})=u_{0}$ satisfying
$E(u(t))=E(u_{0})$ , $||u(t)||_{L}22=||u_{0}||^{2}L^{2}$ ’ $t\in[0, T)$ .
In addition, the virial identity
$\frac{d^{2}}{dt^{2}}||xu(t)||^{2}L2=8P(u(t))$ (VI)
holds for $t\in[0, T)$ , where
$P(v):=|| \nabla v||_{L}22-||xv||_{L}^{2}2^{-}\frac{n(p-1)}{2(p+1)}||v||^{p1}L\mathrm{p}+1+$ .
, $(\mathrm{S}\mathrm{P})$ , $\Sigma$
&
$S_{\omega}(v):=E(v)+ \frac{\omega}{2}||v||_{L^{2}}^{2}=\frac{1}{2}||\nabla v||_{L}^{2}2+\frac{\omega}{2}||v||_{L^{2}}2+\frac{1}{2}||xv||_{L}^{2}2^{-}\frac{1}{p+1}||v||^{p1}Lp+1+$,
$I_{\omega}(v):=\langle S_{\omega}’(v), v\rangle=||\nabla v||2L^{2}+\omega||v||_{L^{2}}^{2}+||xv||^{2}L^{2^{-}}||v||_{L^{\mathrm{p}+1}}p+1$
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. $(\mathrm{S}\mathrm{P})$ $S_{\omega}$ $S_{\omega}’(\emptyset)=0$
.
$\inf\{s_{\omega}(v) : v\in\Sigma\backslash \{0\}, I_{\omega}(v)=0\}$
$\mathcal{G}_{\omega}$ , $\mathcal{G}_{\omega}$ $(\mathrm{S}\mathrm{P})$ .
$\phi_{\omega}(x)\in \mathcal{G}_{\omega}$ , $\eta\in \mathbb{R}$ $S_{\omega}’(\emptyset\omega)+\eta I_{\omega}’(\phi\omega)=$
$0$ . , $I_{\omega}(\phi_{\omega})=\langle S_{\omega}’(\emptyset\omega), \phi\omega\rangle=0$ $\langle I_{\omega}’(\phi\omega), \phi_{\omega}\rangle\neq 0$ $\eta=0$
. , $S_{\omega}’(\phi_{\omega})=0$ . , $S_{\omega}’(v)=0$ $v\in\Sigma\backslash \{0\}$
$I_{\omega}(v)=0$ , $\mathcal{G}_{\omega}$ , $S_{\omega}(\phi_{\omega})\leq S_{\omega}(v)$ .
, $\phi_{\omega}(x)\in \mathcal{G}_{\omega}$ , $\omega$ 1 , $(\mathrm{S}\mathrm{P})$ , &
.
$(\mathrm{S}\mathrm{P})$ , $\Sigma\subset L^{2}(\mathbb{R}^{n})$ ,
.
2 Let $\lambda_{1}:=\inf\{||\nabla v||_{L^{2}}2+||xv||_{L^{2}}2 : ||v||_{L^{2}}^{2}=1, v\in\Sigma\}$ . Then, $\mathcal{G}_{\omega}$ is not empty
for any $\omega\in(-\lambda_{1}, \infty)$ .
, , $\omega\leq 0$
. , $\lambda_{1}=n$ , $\lambda_{1}$ $\Phi(x)=e^{-1}x|^{2}/2$
.
, .
Let $\Omega$ be asubset of $\Sigma$ . We say that $\Omega$ is stable for (NLS) if for any $\hat{\mathrm{c}}>0$
there exists $\delta>0$ such that if $u_{0}\in\Sigma$. satisfies $\inf\{||u_{0^{-}}w||_{\Sigma} ; w\in\Omega\}<\delta$ , then the
solution $u(t)$ of (NLS) with $u(\mathrm{O})=u_{0}$ exists for all $t\geq 0$ and satisfies
$\sup_{t\geq 0}\inf\{||u(t)-w||_{\Sigma}= w\in\Omega\}<\mathit{6}$ .
Otherwise, $\Omega$ is said to be unstable. Moreover, for $\phi_{\omega}\in \mathcal{G}_{\omega}$ , we shall say that the
standing wave $e^{i\omega t}\phi_{\omega}$ is stable if $\mathcal{G}_{\omega}$ is stable, and that $e^{i\omega t}\phi_{\omega}$ is unstable if $\mathcal{O}_{\omega}$ is
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unstable, where $\mathcal{O}$ $=\{e^{i\theta}\phi_{\omega} : \theta\in \mathbb{R}\}$ .
$\mathcal{O}_{\omega}\subset \mathcal{G}_{\omega}$ . $n\geq 2$ $\omega>-\lambda_{1}$
$(\mathrm{S}\mathrm{P})$ – ([9], [10], [12] ). $\mathcal{G}_{\omega}=\mathcal{O}_{\omega}$






$i\partial_{t}u=-\triangle u-|u|^{p-1}u$ , $(t, x)\in \mathbb{R}^{1+n}$ (NLSO)
$-\triangle\emptyset+\omega\phi-|\phi|^{p-1}\emptyset=0$ , $x\in \mathbb{R}^{n}$ (SPO)
. , $n\in \mathrm{N},$ $1<p<\infty$ , $n\geq 3$ $p<1+4/(n-2)$
. , $\omega>0$ (SPO) $H^{1}(\mathbb{R}^{n})$
$\psi_{\omega}(x)$ – (– [11] ). ,
$\omega>0$ , (SPO) $\mathcal{G}_{\omega}^{0}$
$\mathcal{G}_{\omega}^{0}=\{e\psi_{\omega}i\theta(\cdot+y) : \theta\in \mathbb{R}, y\in \mathbb{R}^{n}\}$
. $n\in \mathrm{N}$ $\omega>0$
$\mathcal{G}_{\omega}^{0}=o_{\omega}0=\{e^{i\theta}\psi_{\omega}(\cdot+y) : \theta\in \mathbb{R}, y\in \mathbb{R}^{n}\}$ ( ). ,
$\mathcal{G}_{\omega}^{0}$ $p<1+4/n$ $\omega>0$ (NLSO) ([3] )
, $p\geq 1+4/n$ $\omega>0$ ($p>1+4/n$
[1], $p=1+4/n$ [22] ). , $p=1+4/n$ (NLSO)
. Grillakis, Shatah
and Strauss $[7, 8]$ – , $\omega>0$
$d(\omega)=S_{\omega}(\psi_{\omega})$ . , $d”(\omega_{1})>0$ $\mathcal{G}_{\omega_{1}}$
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, , $d”(\omega_{1})<0$ $\mathcal{G}_{\omega_{1}}$ . (NLSO) ]
$\lambda^{2/(p-1})u(\lambda x, \lambda^{2}t),$ $\lambda>0$ , , $\psi_{\omega}(x)=\omega^{1/(p1}-)\psi_{1}(\sqrt{\omega}X)$
, $d(\omega)=\omega^{2/(-})-n/2+1dp1(1)$ . , $\omega>0$ , $p=1+4/n$
. , ,
, $d”(\omega)$ ,








( 1) $P$ . $-\lambda_{1}$ $\omega>-\lambda_{1}$ , (NLS)
$e^{i\omega t}\phi\omega(x)$ .




, $n\in \mathbb{N},$ $1<p<\infty$ $n\geq 3$ $P<1+4/(n-2)$ .
(A) For $\epsilon>0$ there is afamily of ground states $\phi_{\omega}$ such that $\omega\mapsto\phi_{\omega}$ is a
$C^{1}$ mapping on the interval $(-\lambda_{1}, -\lambda_{1}+\epsilon)$ .
1, ( F. [4] ) Assume (A). There exists a sequence $\{\omega_{k}\}$ such that $\omega_{k}<0$ ,
$\omega_{k}arrow-\lambda_{1}$ and $e^{i\omega_{k}t}\phi\omega_{k}$ is stable.
$P\geq 3$ , (A) , $\{\omega_{k}\}$
$\lambda_{1}$ $\omega$ .
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2 $\lim_{|x|arrow\infty}V(x)=+\infty$ $V(x)$ 1
. (NLS) $E$
.
2 ( F. and Ohta [5]) Let $P>1+4/n$ and $\phi_{\omega}(x)\in \mathcal{G}_{\omega}$ . Then there exists
$\omega_{*}\in(\omega_{0}, \infty)$ such that the standing wave solution $e^{i\omega t}\phi\omega(X)$ of (NLS) is unstable for
any $\omega\in(\omega_{*}, \infty)$ .
2 1 2 , - $V(x)$
. 2
$V(x)$ .
$(\mathrm{V}\mathrm{O})$ There exist real valued functions $V_{1}(x)$ and $V_{2}(x)$ such that
$V(x)=V_{1}(x)+V_{2}(x)$ .
(Vl.l) $V_{1}(x)\in C^{2}(\mathbb{R}^{n})$ and there exist positive constants $m$ and $C$ such that
$0\leq V_{1}(x)\leq C(1+|x|^{m})$ on $\mathbb{R}^{n}$ .
(Vl 2) For any $\alpha$ such that $|\alpha|\leq 2$ , there exists $C_{\alpha}>0$ such that
$|x^{\alpha}\partial_{x}\alpha V1(x)|\leq C_{\alpha}(1+V_{1}(x))$ on $\mathbb{R}^{n}$ .
(V2) There exists $q$ such that $q\geq 1,$ $q>n/2$ and
$x^{\alpha}\partial_{x}^{\alpha}V_{2}(x)\in L^{q}(\mathbb{R}^{n})+L^{\infty}(\mathbb{R}^{n})$ for $|\alpha|\leq 2$ .
$V(x)$
. [4] ,
$\omega>0,$ $p\geq p_{0}(n)=(n^{2}+4+4\sqrt{n^{2}+1})/n^{2}$ $e^{i\omega t}\phi_{\omega}(x)$
. $p0(n)>1+4/n$ , 2 $P$ $1+4/n$
.
, Grillakis, Shatah and Strauss $[7, 8]$ – $||\phi_{\omega}||_{L^{2}}^{2}$
– , 1 ([13], [14], [15] )
$(\mathrm{S}\mathrm{P})$ , $L^{2}$ .
3 Put $\lambda:=-\omega$ in $(\mathrm{S}\mathrm{P})$ . Let $\Phi(x)$ be the eigenfunction corresponding to $\lambda_{1}$ .
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Then, $(\mathrm{S}\mathrm{P})$ has a family of solutions $(u(\epsilon), \lambda(\epsilon))$ bifurcating from $(0, \lambda_{1})$ for $0<\mathit{6}<\mathit{6}_{0}$
sufficiently small with $u(_{\overline{\mathrm{C}}})=\overline{\mathrm{c}}\Phi+\mathit{6}Z(\mathit{6})$ , where $z\in\Sigma$ is a continuous function of 6,
$z(\mathrm{O})=0$ and $(z(\Xi), \Phi)_{\Sigma}=0$ . Moreover, we have
$||u(\lambda)||_{L^{2}}2=||\Phi||^{2(p+1}L^{p}+1)/(1-p)(\lambda_{1}-\lambda)2/(p-1)+o(|\lambda 1-\lambda|2/(p-1))$ . (1)
, 2 .
4 (Ohta [18]) Let $\phi_{\omega}(x)\in \mathcal{G}_{\omega}$ . If $\partial_{\lambda}^{2}E(\phi_{\omega}^{\lambda})|_{\lambda=1}<0$ , then the standing wave
solution $e^{i\omega t}\phi\omega(x)$ of (NLS) is unstable. Here, $v^{\lambda}(x):=\lambda^{n/2}v(\lambda_{X)}$ for $\lambda>0$ .
, Shatah and Strauss [20]
, Gongalves Ribeiro [6] . , [18] ,
(VI) . , $||v^{\lambda}||^{2}L2=||v||_{L^{2}}^{2},$ $\partial_{\lambda}E(\emptyset_{\omega}^{\lambda})|_{\lambda=1}=$
$\partial_{\lambda}S_{\omega}(\phi\lambda\omega)|_{\lambda=1}=0$ , 4 $\partial_{\lambda}^{2}E(\emptyset_{\omega}^{\lambda})|_{\lambda=1}<0$ , (NLS)
– $\{v\in X : ||v||_{L^{2}}^{2}=||\phi_{\omega}||_{L^{2}}2\}$ $E$
$\phi_{\omega}(x)$ . , $L^{2}$ $-$
$\phi_{\omega}^{\lambda}(x)$ . $\partial_{\lambda}^{2}E(\phi_{\omega}\lambda)|_{\lambda=1}<0$
, $\omega$ $\langle$ , Grillakis, Shatah and Strauss $[7, 8]$ –
$d”(\omega)<0$ , .
5. 1
Grillakis, Shatah and Strauss $[7, 8]$ – $||\phi_{\omega}||_{L^{2}}^{2}$
, 3 (1) $(\mathrm{S}\mathrm{P})$ $L^{2}$ . 3
$(\mathrm{S}\mathrm{P})$ ( ) , $\phi_{\omega}(x)\in \mathcal{G}_{\omega}$ – .
1 , – \mbox{\boldmath $\lambda$}1-
– .
1Let $\phi_{\omega}\in \mathcal{G}_{\omega}$ . Then, $||\phi_{\omega}||\Sigmaarrow 0$
, as $\omegaarrow-\lambda_{1}+0$ .
(1) $||\phi_{\omega}||_{L^{2}}^{2}$ $L^{2}$ . $\omega>-\lambda_{1}$
\mbox{\boldmath $\lambda$}1 , $||\phi_{\omega}||_{L^{2}}^{2}$ , , 1
202
, $\omegaarrow-\lambda_{1}+0$ $||\phi_{\omega}||_{L^{2}}^{2}$ $0$
. , 1 $\{\omega_{k}\}$
.
6. 2
$P(\phi_{\omega})=\partial_{\lambda}E(\phi_{\omega}^{\lambda})|_{\lambda=1}=0$ , 2 $\text{ }\partial_{\lambda}^{2}E(\phi^{\lambda}\omega)|_{\lambda=1}<$
$0$
$\frac{||x\phi_{\omega}||_{L}^{2}2}{||\phi_{\omega}||^{p1}L\mathrm{p}+1+}<\frac{n(p-1)\{n(p-1)-4\}}{16(p+1)}$ (2)
. (2) $p>1+4/n$ .
$\omegaarrow\infty$ $0$ . , $\phi_{\omega}(x)\in \mathcal{G}_{\omega}$
$\phi_{\omega}(x)=\omega^{1/(p}-1)\tilde{\phi}_{\omega}(\sqrt{\omega}x)$ $\tilde{\phi}_{\omega}(x)$ , (SPO) $\omega=1$
\psi 1 $(x)\in H^{1}(\mathbb{R}^{n})$ . $\tilde{\phi}_{\omega}(x)$
$-\triangle\emptyset+\emptyset+\omega-2|x|2\emptyset-|\emptyset|p-1\phi=0$ , $x\in \mathbb{R}^{n}$
.
$\omega$









2 Let $\phi_{\omega}(x)\in \mathcal{G}_{\omega}$ .
(i) $\lim_{\omegaarrow\infty}||\tilde{\phi}_{\omega}||^{p1}Lp+1+=||\psi_{1}||_{Lp+1}^{p1}+$ , (ii) $\lim_{\omegaarrow\infty}I_{1}0(\tilde{\phi}_{\omega})=0$,
(iii) $\lim_{\omegaarrow\infty}||\tilde{\phi}_{\omega}||_{H^{1}}^{2}=||\psi_{1}||_{H^{1}}^{2}$ , (iv) $\lim_{\omegaarrow\infty}\omega^{-2}||X\tilde{\emptyset}\omega||_{L}^{2}2=0$ .
2 , $\tilde{\phi}_{\omega}(x)$
$\inf\{||v||^{p1}Lp+1+ : v\in X\backslash \{0\},\tilde{I}_{\omega}(v)\leq 0\}$
, $\psi_{1}(x)$
$\inf\{||v||^{p1}L\mathrm{p}+1+ : v\in H^{1}(\mathbb{R}^{n})\backslash \{0\}, I_{1}^{0}(v)\leq 0\}$ .
, $\tilde{\phi}_{\omega}(x)$ $\psi_{1}(x)$
, (i) (ii) . , (iii) (iV) (i) (ii) .
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